INTRODUCTION {#sec1-1}
============

Bile has always been at the center of curiosity for the healers since ages. Even in the pre-Hippocratic era, bile was considered as a pathological culprit for most of the diseases. Yellow and black bile were two of the four vital fluids or humor of ancient and medieval Greco-Roman medicine. Later in the 19^th^ century, it was realized that bile is a normal secretion of liver and is vital for normal function of the digestive system. This led to investigations for understanding the composition of bile and hence the bile salt, bile pigment, cholesterol, and various other products were discovered.

Various constituents of bile have been implicated in pathological states of the hepatobiliary system, for example, the role of amylase in choledochal cyst (CDC), cholesterol in gallstone disease, etc.\[[@ref1]\] These discoveries have helped in understanding the natural history and pathogenesis of these diseases. Constituents of bile and their changes in various disease states especially in hepatobiliary conditions are not well studied. There is hardly any literature available regarding role of bile in various hepatobiliary conditions, more so in the pediatric age-group.

CDC is a congenital dilatation of the common bile duct (CBD); it may involve intrahepatic and extrahepatic ducts as well. Its pathogenesis is still obscure; since it is commonly diagnosed in infants and children, a congenital origin has been proposed.\[[@ref2][@ref3]\] The cholesterol contained in bile will occasionally accrete into lumps in the gallbladder, forming gallstones. Nonhemolytic cholelithiasis is seen in neonates and infants and is due to use of total parenteral nutrition (TPN).\[[@ref4]\]

Composition of bile {#sec2-1}
-------------------

Bile is made up of bile salts (0.7%), bile pigments (0.2%), and other substances mixed in alkaline electrolyte solution that resembles pancreatic secretion. Approximately 500 ml is secreted in 1 day; some of these substances are reabsorbed in the intestine and then excreted again by the liver also known as enterohepatic circulation. The glucuronides of bile pigments, bilirubin, and biliverdin are responsible for golden yellow color of bile, which are breakdown products of heme part of hemoglobin. The bile salts are sodium and potassium salts of bile acids and those secreted in bile are conjugated to glycine or taurine, a derivative of cysteine. The bile acids are breakdown product of cholesterol. The two primary bile acids formed in liver are cholic acid and chenodeoxycholic acid; in colon the intestinal bacteria convert cholic acid to deoxycholic acid and chenodeoxycholic acid into lithocholic acid, these are called secondary bile.

With this limited information regarding composition of bile and its pathological effects in various hepatobiliary disease states, it is noteworthy to investigate the role of various constituents of bile in pediatric hepatobiliary diseases. With this aim we conducted this study to find various enzymatic and biochemical components of bile, and their scientific correlation with various hepatobiliary disease states.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was conducted at our institute after receiving ethical clearance from the institutes\' ethics committee. This was a cross-sectional study where all the patients suffering from CDC (Group 1), extrahepatic portal venous obstruction (EHPVO) (Group 2), infantile obstructive cholangiopathy undergoing diagnostic preoperative cholangiogram (Group 3), and patients with history of TPN (Group 4) undergoing surgery for some other condition were included in the study.

For the purpose of analysis, we subdivided the patients of Group 1 into two subgroups as per presence or absence of intrahepatic biliary radical dilatation (IHBRD). The patients of Group 2 were subdivided as per presence or absence of biliopathy. Biliopathy is defined as 'dilated intrahepatic biliary radicals in any of the radiological investigations such as ultrasonography, computerized tomography portogram or magnetic resonance cholangiopancreatography (MRCP)'.

The parents were informed and consent for inclusion in the study was taken. The demographic and preoperative data was noted. The peroperative cholangiogram was done to confirm the diagnosis in patients of CDC and in patients who were suspected to have extrahepatic biliary atresia (EHBA). During surgery 5 ml of bile was aspirated from cyst in patients of CDC and gallbladder of other patients with help of 24 G hypodermic needle. Two milliliter of bile was sent for analysis immediately and the remaining sample was stored at −80° C for the analysis later.

The first sample was sent to laboratory immediately and analyzed for amylase, lipase, sodium, potassium, calcium (total/ionized), chloride, bicarbonate, total bilirubin, and pH. Amylase, total bilirubin, and lipase estimations were done based on the principle of 2-chloro-4-nitrophenyl maltotrioside (CNP-G) as substrate, dichloroaniline (DCA), and kinetic colorimetry, respectively on Hitachi 902 analyzer (Roche, Switzerland). Bicarbonate estimation was done on Roche cobas 221 blood gas analyzer (Roche, Switzerland), while pH, sodium, potassium, chloride and calcium estimations were done on Carelyte electrolyte analyzer (Carewell Biotech Pvt Ltd) using ion-selective electrode method.

The second part of the sample was analyzed for cholesterol, triglycerides, and total bile acid. Cholesterol-bile acid ratio was calculated and noted. The bile was diluted one to five times with methanol and the protein precipitate was removed by centrifugation (deproteinated). The methanol was then evaporated and residue was taken for analysis. The cholesterol and triglycerides were analyzed on glycerol-3-phosphate oxidase, phenol aminophenazone (GPO-PAP) principle by photometric analysis on Beckman CX4 pro autoanalyzer (Beckman Coulter, USA). Bile acid was analyzed by 3 α-hydroxysteroid dehydrogenase enzymatic assay.\[[@ref5]\]

The data analysis was done using STATA software version 9.0 (StataCorp LP, Texas, USA). Data was represented as median and the difference in medians across various categories of observation, for example, demographic profile and clinical parameters were compared using Wilcoxon-Rank sum/Kruskal-Wallis test. P-value less than 0.05 was taken as significant.

RESULTS {#sec1-3}
=======

Total patients included were 80, that is, 20 in each of four groups. The demographic profile and bile analysis of each group is mentioned in [Table 1](#T1){ref-type="table"}. In Group 1, all our patients were type 1 CDC, lump was present in eight (16%), pain abdomen was present in 29 (58%), history of jaundice was present in 11 (22%), history of fever was present in 12 (24%), ascites was present in one (2%), splenomegaly was not detected in any patient, and IHBRD was present in 11 (22%). We subdivided this group in two as per presence or absence of IHBRD and analyzed their constituents \[[Table 2](#T2){ref-type="table"}\]. We found that levels of amylase, lipase, pH, calcium, and ionized calcium were significantly higher in patients with IHBRD.
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In Group 2, jaundice was present in five (25%), history of fever was present in seven (35%), ascites was present in three (15%), history of hematemesis or melena was present in seven (35%), hepatomegaly was detected in seven (35%), splenomegaly was present in all patients, and biliopathy was present in seven (35%) patients. We subdivided this group into two as per presence or absence of biliopathy and found that levels of amylase, lipase, and pH were significantly higher in patients with biliopathy \[[Table 3](#T3){ref-type="table"}\].
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In Group 3, progressive jaundice was the main presenting symptom, and was present in all (100%) patients, history of fever was present in 10 (50%), ascites was detected in eight (40%), hepatomegaly was present in all (100%) patients, and splenomegaly was present in four (20%). This was a very heterogeneous group, only three patients fulfilled the inclusion criteria, that is had neonatal hepatitis with patent proximal and distal ducts. We aspirated content of gallbladder and analyzed them separately \[[Table 1](#T1){ref-type="table"}\]. Three out of 20 patients had CDC with distal biliary atresia. Nine out of 20 had mucus-like fluid in the gallbladder, remaining five patients had collapsed bladder, with no content in it.

In Group 4, median duration of TPN was 7 days (5--15 days) and median duration of time between TPN institution and analysis of bile was 11.5 months (1 day--85 months). We subdivided this group in patients who were being analyzed before and after 1 year of TPN, and we found that levels of cholesterol and bile acid were significantly higher in patients who were analyzed after 1 year of TPN \[[Table 4](#T4){ref-type="table"}\].
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DISCUSSION {#sec1-4}
==========

Bile has often being implicated in pathogenesis of various hepatobiliary disease states, but the various components of bile and their correlation with various conditions have never been studied. Level of amylase in bile has been correlated with etiopathogenesis of CDC.\[[@ref1]\] A study published by Shimada K *et al*., reported increased levels of lysophosphatidylcholine and amylase in patients with anomalous pancreatic biliary junction.\[[@ref6]\] Up to 43% of children, receiving long-term TPN develop gallstones.\[[@ref7]\] The mechanism of gallstone formation related to TPN remains unclear, but may be associated with changes in bile composition caused by amino acid infusion or the lack of enteral feeding.\[[@ref8]\] We conducted this pilot study to evaluate the various components of bile and to document their correlation with the hepatobiliary diseases in study.

In patients of CDC, the levels of amylase and lipase correlated with the information in available literature when we compared the two subgroups of Group 1, the level of amylase (*P* \< 0.001) and lipase (*P* \< 0.001) was significantly higher in patients who had IHBRD. The pH was significantly lower in this group (*P* \< 0.001). As one of the theories for pathogenesis of CDC, these levels again support the cause and effect relationship between the pancreatic enzymes and CDC. The low pH in this subgroup signifies the maximum mucosal damage and altered mucosal secretions, thus altering the pH of its content. This fact was further supported by the evidence that the subgroup with IHBRD had higher levels of calcium (*P* 0.001) and ionized calcium (*P* \< 0.001). The role of pancreatic enzymes and bile acid in pathogenesis of biliary carcinoma has been reported by Sugiyama *et al*.\[[@ref9]\] The presence of biliary sludge and cholesterol stones in the dilated biliary radicals has also been supported by the findings of this study, but the role of calcium in biliary stone formation and its role in biliary carcinogenesis is a matter of further research.

In patients of EHPVO (Group 2), the patients who had jaundice (5/20) had significantly higher levels of amylase (*P* = 0.0034), lipase (*P* = 0.0059), and pH (*P* = 0.0495). These findings might be because of the dilated tortuous vessels in and around pancreas due to the portal hypertension, these cavernous dilatations cause relative obstruction to the bile outflow and possible reflux of the pancreatic secretions. The patients who had history of hematemesis also had higher levels of amylase (*P* = 0.0003) and lipase (*P* = 0.0008), thus supporting the aforementioned statement. The patients who had fever (7/20) had significantly higher levels of calcium (*P* = 0.0474), ionic calcium (*P* = 0.0166), and triglyceride (*P* = 0.0286), indicating underlying inflammatory pathology. The patients who had hepatomegaly (7/20) had significantly higher levels of bile acid and cholesterol. The level of cholesterol and bile acid in patients with hepatomegaly has been already reported by Nagi *et al*., and is possibly due to large varices at porta causing obstruction and hepatocyte damage.\[[@ref10]\] While comparing the two subgroups of Group 2, we observed that patients with biliopathy had significantly higher levels of amylase (*P* = 0.0003), lipase (*P* = 0.008), and pH (*P* = 0.0100). The genesis of biliopathy in patients of EHPVO, if thought to be due to partial or complete obstruction at porta due to the dilated varices.\[[@ref11]\] Dilawari and Chawla had observed biliary changes in all the 20 patients and labeled the radiological abnormalities as pseudosclerosing cholangitis.\[[@ref12]\] Williams *et al*., were the first to report cholangiographic changes caused by choledochal varices.\[[@ref13]\] Our study clearly shows that the pancreatic enzymes also cause weakness of wall of bile duct and along with biliary obstruction (due to cavernous malformation) increases the severity of portal biliopathy. In patients of Group 3, the patient who had fever had significantly higher levels of calcium in the bile indicating inflammatory pathology in the ongoing process.

In Group 4, the patients who were analyzed after 1 year of TPN had higher levels of cholesterol (*P* = 0.0002) and bile acid (*P* = 0.0017). This subgroup analysis supported the evidence that patients with history of TPN have high chances of forming cholesterol stones, and chances to form biliary stones increases with duration following TPN. Komura *et al*., suggested that children with history of TPN have high chances of developing gallbladder stones. The incidence increases if ratio of protein to calorie is more; high fat content decreases the chance of developing such stones.\[[@ref7][@ref14]\] King *et al*., reported high incidence of cholelithiasis in patients who received TPN for more than 30 days.\[[@ref4]\] They did not compare the duration following TPN and the incidence of gallstone. Our data shows that there is a clearly high chance of gallstone formation in these patients, which increases with increase in time following TPN; however, the comparison with age-matched control was not done and the final comment on this issue is beyond the scope of this study. The analysis of our data suggests that even a short duration of TPN induces change in the liver secretions, altering its composition which progresses in due course of time and leads to stone formation.

CONCLUSION {#sec1-5}
==========

This was a pilot study to identify various components of bile and their comparative levels in pediatric patients suffering from various hepatobiliary diseases. This study provides an insight to various components of bile and their levels correlating with clinical parameters and disease progression. This study stimulates the need for further investigation into these parameters so that their proper role could be established.
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